The telomers of several linear plasmids o f Rhodococcus opacus (formerly Nocardia opaca) were studied. The plasmids pHG201, pHG204 and pHG205 carry proteins bound to their ends, as shown by gel retardation experiments. A sequence hybridizing with the terminal sequence of pHG207, a recombinant linear plasmid consisting of the left part o f pHG204 and the right part of pHG205, which was analysed in a previous study by the authors, could be detected in all linear plasmids of the wild-type R. opacus strains MR11 and MR22. However, only pHG204 and pHG206 carry terminal inverted repeats (TIRs) like pHG207. Cloning and sequencing of the terminal fragment of pHG204 revealed a nearly perfect TIR of 1016 bp. In contrast, the termini of pHG2Ol and pHG205 share little homology. Sequence analysis of the two end fragments of pHG201 revealed a similarity of only 65% within the terminal 34/32 bp and a perfect TIR of only 3 bp. The results support the assumption that long TlRs are not absolutely necessary for replication and maintenance of linear plasmids.
INTRODUCTION
The genus Rhodococcus has become a subject of interest in several aspects, including phytopathogenicity ( Vantomme et al., 1982) , the degradation of xenobiotics (Dabrock et al., 1992) , and biological production of hydrogen (Schneider et al., 1984; Zaborosch et al., 1989; Grzeszik et al., 1997a, b) . The features mentioned are characteristics associated with and encoded on linear plasmids (Crespi et al., 1992; Dabrock et al., 1994; Kalkus et al., 1990) . The wild-type strains of R. opacus M R l l and MR22 each harbour three linear plasmids (Kalkus et al., 1990) . The type strain M R l l (Klatte et al., 1994; Rainey et al., 1995) contains the linear plasmids pHG201 (270 kbp), pHG202 (400 kbp) and pHG203 (420 kbp), and strain MR22 contains pHG204 (190 kbp), pHG205 (280 kbp) and pHG206 (500 kbp). In the autotrophic transconjugant MR2253 originating from strain MR22 another linear plasmid, pHG207 (225 kbp), was found. The plasmids pHG201, pHG205 and pHG207 were Abbreviations: LMP, low-melting-point; TIR, terminal inverted repeat; TP, terminal protein.
The GenBank accession numbersfor the nucleotide sequence data reported in this paper are AF001834, AF001835 and AF007825. shown to enable the bacteria to grow chemolithoautotrophically on gaseous hydrogen and carbon dioxide (Aut character), leading to the name Aut elements (Kalkus et al., 1990) . The smallest Aut element, pHG207, has been studied in detail previously ( Fig. 1 ; Kalkus et al., 1993) . It was shown to be the product of a single crossover recombination event between the wild-type plasmids pHG204 and pHG205. The left part of pHG207 (more than 120 kbp) originates from pHG204 and the right part (more than 80 kbp) originates from pHG205. The terms left and right refer to the restriction maps of the linear plasmids (Kalkus et al., 1993) . Plasmid pHG207 carries an imperfect terminal inverted repeat (TIR) of 583/560 bp and has proteins bound to its ends (terminal proteins, TP) ; this is consistent with the model proposed for invertrons (Sakaguchi, 1990) .
T o obtain more information on the general structure of linear plasmids we have investigated some of the other linear plasmids in R. opacus cells. These co-existing plasmids can be differentiated by selective markers such as the Aut character mentioned above, thallium resistance (pHG204), and the frequency of transfer. They are not simply derivatives or multimers of a single parental plasmid (Kalkus et al., 1993) . In this study we demonstrate that pHG201, pHG204 and pHG205 carry TPs. Hybridization and sequence analysis showed that these plasmids are of two different types: pHG204 carries long nearly perfect TIRs, whereas in the Aut elements pHG201 and pHG20S the terminal sequences show only a weak similarity to each other.
METHODS
Bacterial strains, phage and plasmids. Sources and references of strains of Rhodococcus opacus used in this work are listed in Table 1 . Escherichia coli XL-1 Blue and plasmid pBluescript SKM13 + were purchased from Stratagene. For preparation of single-stranded DNA, E . coli MV1184 and bacteriophage M13K07 were used (Vieira & Messing, 1987) . Strains of R. opacus were grown in FM-TYE medium at 30 "C as described previously (Sensfuss et al., 1986) . Strains of E . coli were routinely grown in LB medium at 37°C. If required, the medium was supplemented with ampicillin (100 pg ml-l), IPTG (50 pg ml-l) and X-Gal (40 pg ml-'). Cloning of the terminal fragments produced the hybrid plasmids listed in Table 2 . Isolation of linear plasmid DNA. Cells of R. opacus were embedded in high concentration in LMP agarose and lysed according to McClelland et a!. (1987) , using lysozyme, Nlauroylsarcosine, SDS and proteinase K as described previously (Kalkus e t al., 1990). Isolation of linear plasmid DNA was achieved by electroelution from the agarose plugs, followed by precipitation of the DNA with ethanol and microdialysis against water (Kalkus et al., 1993) . DNA of pHG206 was isolated by cutting the relevant band out of LMP agarose gels after separation of total DNA of MR22 from highly concentrated DNA-agarose plugs by PFGE. Treatments of pHG206 with restriction endonucleases were carried out in situ in LMP agarose. For preparation of non-proteolyticallytreated plasmid DNA, proteinase K was omitted. Electrophoresis. PFGE was performed with the Pulsaphor system (Pharmacia) using 1% (w/v) agarose slab gels and 05 x TBE buffer (45 mM Tris/45 mM borate/l mM EDTA, pH 8.5). The buffer was cooled to 13 "C and gels were run at 6 V cm-l. As size standards, HindIII-or PstI-cut 1 DNA or concatemers of 1 DNA (Waterbury & Lane, 1987) were used. Cloning of the terminal fragments. Terminal fragments were identified by gel retardation experiments (see Results). For isolation, linear plasmid DNA was prepared using proteinase K as described above and was digested with SalI. After separation by electrophoresis, the fragments were extracted from the agarose gel using glass milk (Geneclean, BiolOl). The purified end fragments were ligated with the SalI-produced end to the SalI position of the vector (pSKM13 + ) and with the opposite end to a blunt end produced by EcoRV. The DNA was transferred into E. coli by electroporation (Ausubel et al., 1987) . Hybridization experiments. DNA was transferred by the Southern blot procedure (Ausubel et al., 1987) to a positively charged nylon membrane (Biodyne B, Pall Filtrationstechnik) and fixed on the membrane by UV irradiation (Khandjian, 1987) . If not indicated otherwise, DNA used for hybridization probes originated from the hybrid plasmids listed in Table 2 . T o eliminate vector DNA, insert DNA was digested with appropriate restriction endonucleases, separated by electrophoresis, and purified from agarose gel. Hybridization probes were labelled with biotin-16-dUTP (Boehringer Mannheim) using a random primer kit (Gibco-BRL) and applying conditions as recommended by the manufacturer. Probes were purified via an exclusion chromatographic column (Sepharose . The sequence reactions were done using 7'-deaza-dGTP. Sequence data were analysed using the software package GCG version 8 (Genetics Computer Group).
RESULTS

Detection of regions hybridizing with the terminal sequence of pHG207 in other linear plasmids
Because the linear plasmid pHG207 was shown to carry TIRs and to be a recombination product of the wildtype plasmids pHG204 and pHG205 of strain MR22, we assumed that TIRs are a general feature of the linear plasmids of R. opacus ( Fig. 1) . Furthermore, at least pHG204 and pHG205 should carry sequences homologous to the terminal sequences of pHG207. To examine the possible ubiquity of the terminal sequences of pHG207, the linear plasmids of R. opacus MR11 and MR22 were separated by PFGE, transferred to a nylon membrane and hybridized with a biotinylated DNA fragment representing the terminal sequence of the right end of pHG207 (0.6 kbp EcoRI fragment) (Fig. 2a, b) . The experiment was repeated with less DNA to enable the distinction between pHG202 and pHG203 (data not shown). All linear plasmids from both wild-type strains gave significant signals with this probe. T o investigate this result in more detail, SaZI digests of the linear plasmids pHG201, pHG204, pHG205 and pHG206 were hybridized with the same probe (Fig. 3 ). SalI digests of the control plasmid pHG207 showed two hybridizing fragments, corresponding to the right (2.3 kbp -originating from pHG205) and left (4.0 kbporiginating from pHG204) ends, as expected. Corresponding SaZI digests of linear plasmids pHG204 and pHG206 also showed two hybridizing fragments each ( Fig. 3) , indicating the existence of two regions having homology with terminal sequences of pHG207, and suggesting that TIRs are a general feature of these linear plasmids.
In contrast, patterns of hybridization between the pHG207 terminal sequence probe and restriction digests of pHG201 and pHG205 showed only one homologous SaZI fragment (2.3 kbp) in each (Fig. 3a) . The same result -only a single detectable fragment -was obtained in experiments in which the same probe was hybridized against KpnI (7 kbp) and BgZII (0.8 kbp) digests of pHG201 and pHG205 (results not shown). One possible explanation of these results is that long TIRs (more than 7 kbp) resulted in terminal fragments of identical size. However, the macrorestriction maps of pHG201 and pHG205 do not show an extensive symmetry of the termini. In order to discriminate between the two ends, DNA of pHG201 was digested with the rare-cutting enzyme AsnI and hybridized with the 0.6 kbp EcoRI right-end terminal fragment of pHG207 as probe (data not shown). Only the 21 kbp AsnI fragment, representing the right end of pHG201 ( Fig. 1 ; Kalkus et aZ., 1990), hybridized with the probe. The 190 kbp AsnI fragment, representing the left end of pHG201, did not give any signal.
To investigate an alternative possibility, that short TIRs were not detected by the probe under the conditions used for the previous experiments, SaZI and BglII digests of pHG201 and pHG205 were hybridized to an oligonucleotide probe corresponding to the terminal 17 bases of the 3' end of pHG207. Even under conditions of low stringency (55 "C, 6 x SSC, 1 % SDS) no fragments other than the 2.3 kbp SaZI fragment and the 0 8 kbp BgZII fragment could be identified in pHG201 and pHG205 carrying the terminal sequence of pHG207 (data not shown).
Identification of the terminal fragments by gel retardation experiments
A general feature of the linear replicons of actinomycetes is that TPs are covalently bound to the 5' end of the DNA. Therefore, gel retardation experiments were done to investigate whether the Rhodococcus linear plasmid end fragments homologous to the terminal sequence of pHG207, identified above, had this feature. Restriction fragments were produced by SaZI and BamHI of DNA of pHG204 isolated with and without proteolytical treatment (Fig. 4a) . The resulting DNA fragments were analysed by Southern hybridization using the 0.6 kbp EcoRI fragment of pHG207 as a probe. The indicated sizes of the fragments mentioned below were determined from proteolytically treated DNA samples. The mobility of the 3.0 kbp and the 4.0kbp SaZI fragment, and a 0.9 kbp and a 7.6 kbp BamHI fragment, all of which share homologous sequences with the terminal sequence of pHG207, were retarded by proteins (arrowheads in Fig. 4a ). The 1-9 kb SaZI fragment, which gave only a faint signal (position marked with an asterisk in Fig. 4a terminal EcoRI fragment of pHG207 and a 16 kbp leftend terminal SpeI fragment of pHG201 as probes, is shown in Fig. 4(b) with and without proteinase K treatment. Only the 2.3 kbp and 1.15 kbp SaZI fragments of pHG201 appeared to be affected by the protease treatment, suggesting that they contain the plasmid's termini. In a similar experiment, but with only the 0.6 kbp right end of pHG207 as a probe (Fig. 4c) , a 2.3 kbp SaZI fragment of pHG205 was identified as containing one of that plasmid's terminal sequences. The other terminus of pHG205 was localized to a 1.15 kbp SaZI fragment by hybridization with the 1.15 kbp SaZI fragment from pHG201 (cloned and labelled) as probe (Fig. 4d) . 
Validation of the cloning strategy for linear plasmid termini
After restriction digestion the two resulting end fragments of a linear plasmid should have unequal endsone end produced by the restriction endonuclease used and one end of the linear plasmid. The ends of pSLA2 were shown to be blunt-ended by direct chemical sequencing (Hirochika et al., 1984) . However, the 5' ends of pSLA2 and pHG207 were blocked even after proteolytic treatment, probably by remaining amino acid residues (Hirochika & Sakaguchi, 1982; Kalkus et al., 1993) . The termini of pHG207 were ligated without a special treatment to the blunt end side of a vector (Kalkus et al., 1993) . Because it was crucial to show that the very ends of a linear plasmid can be cloned by this method, direct sequencing was applied to pHG207. A primer was chosen whose sequence represented bases 93-1 10 of pHG207-LK,,, and pHG207-RS,,,. After annealing of the primer to proteinase K-treated and alkali-denatured pHG207 DNA the sequencing reactions were carried out. The hybrid plasmids pHG207-LKpnI and pHG207-Rs,,, were sequenced with the same primer. The sequencing reactions were analysed in parallel (Fig. 5) . Strong bands in all four lanes (A, C , G, T) indicate the abortion of the polymerase reaction at the native linear plasmid end. The lower bands in these lanes occur at exactly the same position as the last nucleotide of the cloned termini in pHG207-LKpnI and pHG207-Rs,,,. The four bands at one position higher might indicate a variable end of pHG207 differing by one nucleotide. Court & Bertrand (1991) reported that T7 DNA polymerase was able to elongate the newly synthesized DNA strand by one nucleotide beyond the end of the template strand. The polymerase used in our experiments is a modified T7 DNA polymerase (Tabor & Richardson, 1989) . Therefore, we assume that the upper bands observed in our experiments result from such an additional template-independent elongation. These experiments indicated that direct ligation of the plasmid ends is a suitable method to clone the very end of a linear plasmid.
Cloning and sequence analysis of terminal fragments of pHG2Ol and pHG204
For further analysis of the termini of wild-type linear plasmids from strains MR11 and MR22, the 1.15 kbp and the 2.3 kbp SalI fragment of pHG201, and the 3-0 kbp SalI fragment of pHG204, were isolated and cloned. The left end of pHG204 is assumed to be the same as the left end of pHG207, which has already been sequenced (Kalkus et al., 1993) . The purified fragments were inserted in a SalIlEcoRVcut vector (pBluescript SKM13 + ) and transferred via electroporation into E . coli XL1 Blue. Among the few transformants obtained, two positive clones were identified carrying hybrid plasmids containing the 3.0 kbp SalI fragment of pHG204, and four and two clones containing the 1.15 kbp and the 2-3 kbp SalI fragment of pHG201, respectively. The resulting plasmids are referred to as pHG204-RsulI, pHG201-L,,,, and pHG201-R,,,! (Table 2) . T o ensure the uniformity of the clones obtained, the hybrid plasmids were examined by a detailed restriction analysis and by sequencing of the blunt-end junctions between vector and insert DNA. All clones gave identical results.
A 1116 bp length of pHG204-RSu,, was sequenced starting at the blunt-end ligation site (data not shown; GenBank/EMBL AF001834). Alignment with the nucleotide sequence of pHG2O7-LK,,,, which is believed to originate from the left terminal part of pHG204 (Kalkus et al., 1993) , revealed a homology of more than 99 YO within the terminal 1016 bp. The TIR (1016 bp) was clearly separated from the adjoining sequences which do not share significant homology. The only differences within the 'right' and 'left' TIRs of pHG204 were at positions 894 (G in pHG204-Rsu,,; C in pHG207-LK,,,), 897 (A in pHG204-RsuzI; G in pHG207-LK,,,), and 902 (T in pHG204-RsuzI; C in pHG207-LKpnI). The difference at position 894 affected a BamHI site, which is therefore missing in the right terminus of pHG204. This was confirmed by the results obtained in the gel retardation experiment (Fig. 4a) : instead of two identical fragments of 0.9 kbp, two differently sized BamHI fragments (0.9 kbp and 7.6 kbp) contained the two termini.
The insert of the hybrid plasmid pHG201-Rsu,I, carrying the 2-3 kbp SalI fragment of pHG201, was partially sequenced starting at the blunt-end ligation site (data not shown; GenBank/EMBL AF007825). Alignment of the nucleotide sequence obtained (1200 bp) with the sequence of pHG207-Rsuz, revealed 100 YO homology of the analysed region. Hybridization of the wildtype linear plasmids with pHG201-LSuEI as probe revealed the occurrence of the left terminal sequence of pHG201 in pHG201 and pHG205 (Fig. 2c) . No other linear plasmid gave a signal. The sequence of the 1.15 kbp insert of pHG201-LSulI was fully determined (not shown; GenBank/EMBL AF001835). Two potential open reading frames (ORF 201L1 [ 1152-235 (stop) ] and 201L2 [247(start)-1152]) were detected. Both have a high probability of coding when checked for codon usage and GC bias of the third position of the triplets by the program CODONPREFERENCE (Devereux et al., 1984) . Search in databases (EMBL release 49.0; SWISS-PROT release 34.0) using the search facilities MPsrch (University of Edinburgh) and BLAST (Altschul et al., 1990) did not reveal any significant homology.
Alignment of the right and left terminal sequences of pHG201 revealed a similarity of only 65% for the 34 terminal bases of the left end with the 32 terminal bases of the right end, and a perfect TIR of only 3 bp (Fig. 6 ) .
DISCUSSION
Most of the linear plasmids so far described in bacteria have been found among actinomycetes, especially within the genera Streptomyces and Rhodococcus. Recently, linear plasmids were also found in the genus Mycobacterium (Picardeau & Vincent, 1997 Rhodococcus opacus linear plasmids to be linear as well Gravius et al., 1994; Lezhava et al., 1995; Leblond et al., 1996) . The common features of the linear replicons in Streptomyces are perfect or imperfect TIRs, with proteins bound to their ends. The lengths of TIRs are not uniform: the large linear plasmids SCPl (350 kbp) and pPZGlOl (387 kbp) have very long TIRs of more than 80 kbp (Kinashi et al., 1991; Gravius et al., 1994) , and also the linear chromosomes (about 8 Mb) possess TIRs of about 25 kbp (S. liuidans, S. griseus) or even 210 kbp (S. ambofaciens) Lezhava et al., 1995; Leblond et al., 1996) . Smaller linear plasmids like pSCLl(11.7 kbp) and pSLA2 (17 kbp) have TIRs of less than 1 kbp (Wu & Roy, 1993; Hirochika et al., 1984) . The linear plasmid SLP2 (50 kbp) carries a TIR of only 44 bp . Thus there is not a fixed correlation between the size of the replicon and the length of the TIR, but it could be generalized that large linear replicons carry long TIRs. The chromosome of S. liuidans and the plasmid pSLA2 were shown to carry a centrally located functional origin of replication, and for some of the linear replicons a conversion into a circular form was reported (Zakrzewska-Czerwinska & Schrempf, 1992 ; Chang & Cohen, 1994; Shiffman & Cohen, 1992; Volff et al., 1997) . The ends are not necessarily the origin of replication of the linear replicons (Chang & Cohen, 1994) . However, in case of the S. liuidans chromosome, the circularization is accompanied by genetic instability and genomic rearrangements (Volff et al., 1997) . The function and essential features of the telomeric region remains unclear.
The aim of this study was to analyse the termini of the linear plasmids in the genus Rhodococcus, in order to obtain more information on the general telomeric structure. The first detailed study on a linear plasmid of R. opacus was performed using pHG207 (225 kb). With its TIR of 583/560 bp and proteins covalently bound to the 5' ends of the plasmid it possesses all features described for the linear plasmids in Streptomyces. However, in comparison to the large linear plasmids SCPl and pPZG101, the TIR detected is relatively short. Because pHG207 was shown to be the product of a recombination between the wild-type linear plasmids pHG204 and pHG205, it seemed reasonable to suggest that TIRs are a general feature of the linear plasmids of R. opacus. Indeed, we could show that all linear plasmids of the wild-type strains MR22 and M R l l carry sequences homologous to the terminal sequence of pHG207. Homologous sequences, detectable by hybridization between different linear replicons, were also reported for S. lividans : about 16 kbp of the right end of the linear plasmid SLP2 was identical to the terminal sequences of the chromosome . Plasmid SLP2 shares homologous sequences with the linear plasmid pSPAl from S. paruulus as well .
The sequence analysis of the terminal part of pHG204 reported in this paper revealed a nearly perfect TIR of 1016 bp, with only three mismatches between the right and left ends. Because the alignment was done using the right end of pHG207 and the left end of pHG204, the differences could have been due to the different sources of the sequences. However, because one of these differences concerned a BamHI restriction site in pHG204 the differences could be verified via different restriction patterns in the TIR of pHG204. A similar feature was described for pSCL1, where the perfect TIR, which is 894 bp in size, is interrupted by a 3 base mismatch after 690 bp. In contrast to the sharp boundaries of the TIRs found in pHG207 and pHG204, the TIRs of pSCLl and pSLA2 are followed by a less homologous zone of about 25 bp and 180 bp, respectively, with a 'patched' homology (Wu & Roy, 1993; Hirochika et al., 1984) . A TIR can also be assumed to be present in pHG206, because the regions which show homology with the terminal sequence of pHG207 are located at the two ends of pHG206 ( Fig. 1 and  unpublished results) .
None of the linear plasmids examined in this study carries TIRs comparable in length to those found in the large linear replicons of Streptomyces. Furthermore, the linear plasmid pHG201 was shown to have no real TIR. The first mismatch between the left and the right end appears after the third nucleotide. The homology of the terminal 34/32 bases is only 65%, which is even less than the homology with telomeric sequences of other linear plasmids (e.g. 73% for the left end of pHG201 versus the ends of SLP2 or pSCL). We assume the same is true for the Aut element pHG205, because the terminal fragments of pHG201 and pHG205 are homologous and identical in size. These results and the similar restriction patterns of both plasmids (Fig. 3) provoke the assumption of a common ancestor. However, the macrorestriction maps of the two plasmids are different. The finding of a transposable element in M R l l by Grzeszik et al. (1997a) offers a reasonable explanation, insofar as transposition events may have caused rearrangements and deletions in the plasmid.
To our knowledge, pHG201 and pHG205 are the only reported examples of actinomycete linear plasmids that do not show a striking homology between their 'right' and 'left' ends. However, the well-studied phage 429, which serves as a model for TP-primed replication, also carries very short TIR (6 bp) (Yoshikawa et al., 1981; Escarmis & Salas, 1981; Salas et al., 1995) . The replication of the genome of 429 starts with a slidingback mechanism : the TP-dependent DNA polymerase binds to the single-stranded 3' region of 429 and catalyses the linkage of the TP and a nucleotide using the second nucleotide of the 3' strand as template (Mendez et al., 1992) . After the linkage is established, the TP nucleotide complex slides back to the last nucleotide. Therefore, for a successful replication a repetition of the terminal nucleotide is essential (Mendez et al., 1992) . Such a sliding-back mechanism was also reported for the replication of adenoviral DNA and was suggested as a general mechanism for TP-dependent replications. (Graham et al., 1989; Mendez et al., 1992) . Looking for a possible template nucleotide within the terminal 10 bases of pHG201 only the G at the second position could J. KALKUS a n d OTHERS ~~ ~~ fulfil the function insofar as it is a repetition of the terminal G and it is in the same distance towards the end at both sides.
Our results suggest that it is not the TIRs themselves, but certain structures like inverted or direct repeats at the ends, that are necessary for the complete replication and/or stability of a linear plasmid. TIRs are more likely to be the result of recombination, for example to rescue a linear plasmid after the loss of one telomer.
Comparison and alignment of the terminal sequences of pHG201 showed two inverted repeats which have the same central motif (GCTXCGC) and a high GC-content (Fig. 6 , positions 16 , , [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] , , ) . Analogous inverted repeats were also found in pSCL, pSLA2 and SLP2 (Wu & Roy, 1993; Hirochika et al., 1984; Chen et al., 1993) . Chen (1996) described a model, suggested by S. N. Cohen, where the telomers, which are left as a singlestranded 3' overhang after replication of the main part of the plasmid from a central located origin, are folded at inverted repeats to form specific secondary structures. This structure might be the signal for the TP-dependent DNA polymerase to complete the 5' strand. The inverted repeats mentioned above could produce such hairpin structures, which may also function during replication as a termination signal or hindrance for DNA polymerase. A termination of the polymerization hypothetically starting from the TP would restrict the action of the postulated specific TP-dependent DNA polymerase to the telomers. A termination signal for the DNA polymerase which starts from an internal origin would leave a defined 3' overhang. Indeed, Chang & Cohen (1994) detected molecules of pSLA2 with singlestranded parts of around 280 bp at their ends which might be an intermediate form of replication. Another possible role of the conserved inverted repeats is the function as binding sites for proteins which might be essential for the maintenance or replication of the linear plasmid.
Analyses of linear plasmids of other species of Rhodo-COCCUS are under way. The information gained will contribute to the elucidation of the general telomeric structure of linear wild-type plasmids.
